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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to electric power-steering 
equipment equipped with the reduction gear which transmits the turning effort of an electric actuator to a 
steering shaft. 
[0002] 

[Description of the Prior Art] In the electric power-steering equipment which transmits the turning effort 
for steering assistance which an electric actuator generates to a steering shaft through a reduction gear, 
what consisted of unifying the tooth part made of synthetic resin by the side of a periphery and the metal 
sleeve by the side of inner circumference as the reduction gear is used. The tooth part is formed by 
processing the tooth part material made of synthetic resin united with the sleeve. 
[0003] 

[Problem(s) to be Solved by the Invention] When the tooth part made of synthetic resin of the reduction 
gear produces a dimensional change by absorbing the moisture in air, transfer of a smooth turning effort 
is checked. 

[0004] this invention aims at offering the electric power-steering equipment which can solve the above- 
mentioned problem. 
[0005] 

[Means for Solving the Problem] The reduction gear by which this invention is inserted in the periphery 
of a steering shaft and this steering shaft, It has the electric actuator which generates the turning effort 
for steering assistance transmitted to a steering shaft through the gear, the gear It consists of unifying the 
tooth part made of synthetic resin by the side of a periphery, and the metal sleeve by the side of inner 
circumference, the tooth part In the electric power-steering equipment currently formed by processing 
the tooth part material made of synthetic resin united with the sleeve The sleeve is covered by the 
Chemicals coat and the tooth part material made of synthetic resin is characterized by carrying out gas 
conditioning processing so that water absorption may be carried out in the state where it united with the 
sleeve covered by the coat before processing to the tooth part. 

[0006] According to the composition of this invention, since the tooth part made of synthetic resin is 
formed by processing the tooth part material made of synthetic resin which carried out water absorption 
beforehand, it can suppress the dimensional change by the water absorption in the air after the 
processing. Thereby, turning effort can be smoothly transmitted through the tooth part. Moreover, since 
the sleeve is covered by the Chemicals coat, rusting at the time of the water absorption by gas 
conditioning processing of the tooth part material made of synthetic resin is prevented. Moreover, since 
the surface roughness of the sleeve becomes coarse by formation of the Chemicals coat, the adhesion of 
a sleeve and the tooth part made of synthetic resin can be improved. Therefore, the percent defective of a 
reduction gear is reduced, the yield is improved and cost can be reduced. 
[0007] 

[Embodiments of the Invention] Hereafter, the operation gestalt of this invention is explained with 
reference to a drawing. 

[0008] The electric power-steering equipment 1 shown in drawin g 1 is transmitting the steering torque 
generated by steering of a steering wheel 2 to a pinion 4 with a steering shaft 3, moves the rack 5 which 
gets into gear to the pinion 4, and changes the rudder angle of the wheel 6 connected with the rack 5 
through a tie rod, a steering knuckle arm (illustration ellipsis), etc. 

[0009] warm one attached in the output shaft of the torque sensor 7 which detects the steering torque, 
the motor (electric actuator) 8 driven according to the detected steering torque, and its motor 8 in order 
to give the steering auxiliary force according to the steering torque transmitted by the steering shaft 3 — 
while gearing to 9 and its warm 9, the worm gear 10 inserted in the periphery of a steering shaft 3 is 
formed Thereby, it can transmit to a steering shaft 3 through a worm gear 10 by making turning effort of 
the motor 8 into the steering auxiliary force. 
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[0010] The worm gear 10 consists of unifying tooth part lOmade of synthetic resin a by the side of a 
periphery, and steel sleeve 10b by the side of inner circumference. The tooth part lOmade of synthetic 
resin a is formed by polyamide resin. That is, as shown in (1) of drawin g 2 , the sleeve 10b is covered by 
the Chemicals coat 1 1 . As the Chemicals coat 1 1 , a phosphoric-acid manganese coat with a thickness of 
5 micrometers - 10 micrometers and a phosphoric-acid zinc coat can be formed with a well-known 
chemical conversion. As shown in (2) of drawin g 2 , tubed tooth part material 1 Omade of synthetic resin 
a' is united with sleeve 10b covered by the coat 11. The tooth part material lOmade of synthetic resin a' 
is fabricated by making synthetic-resin material inject in a form block, and it is set to tooth part 10a by 
carrying out gear-cutting processing of the periphery. At the time of fabrication of the tooth part material 
lOmade of synthetic resin a 1 , in the form block, sleeve 10b covered by the coat 1 1 is inserted, and sleeve 
10b and tooth part material lOmade of synthetic resin a' are unified by insert molding being carried out. 
In addition, you may improve the adhesion of sleeve 10b and tooth part material lOmade of synthetic 
resin a' by setting two or more projected parts in alignment with shaft orientations on the periphery of 
the sleeve 10b, and forming a hoop-direction interval in it. Next, in order to make tooth part material 
lOmade of synthetic resin a' united with the sleeve 10b absorb moisture, gas conditioning processing is 
performed. The gas conditioning processing can be performed by holding tooth part material lOmade of 
synthetic resin a' united with the sleeve 10b under high-humidity /temperature atmosphere (for example, 
80 degrees C, 95RH%). As shown in after an appropriate time (3) of drawin g 2 , the tooth part material 
lOmade of synthetic resin a* is set to tooth part 10a by gear-cutting processing of the periphery being 
carried out, and a worm gear 10 completes it. 

[001 1] The steering shaft 3 is divided into 1st shaft 3 a connected with a steering wheel 2, tubed 2nd 
shaft 3b connected with this 1st shaft 3a by the pin 22, and tubed 3rd shaft 3c inserted in the periphery 
of this 2nd shaft 3b possible [ relative rotation ] through a bush 25. The torsion bar spring 23 is inserted 
as an elastic member along the center of each shafts 3a, 3b, and 3c. The end of the torsion bar spring 23 
is connected with 1st shaft 3a and 2nd shaft 3b by the aforementioned pin 22, and the other end is 
connected with 3rd shaft 3c by the pin 24. Thereby, according to steering torque, relative rotation of the 
2nd shaft 3b and 3rd shaft 3c is enabled elastically. 

[0012] The 2nd shaft 3 b is supported through a bush 31 by the steering column 30 pressed fit in the 
housing 21. The 3rd shaft 3c is supported by housing ^l through bearing 26 and 27. The aforementioned 
worm gear 10 is inserted in the periphery of the 3rd shaft 3c. In addition, a worm gear 10 may be 
pressed fit at the 3rd shaft 3c, or it may be fixed through a key etc., and when excessive torque acts, a 
torque-limiter mechanism may be established between 3rd shaft 3c and a worm gear 10 so that relative 
rotation may be carried out. 

[0013] The torque sensor 7 has the wrap sensing coil 33 for between opposite of the 1st detection ring 
36 made from magnetic material fixed to 2nd shaft 3b, the 2nd detection ring 37 made from magnetic 
material fixed to 3rd shaft 3c, and both the detection rings 36 and 37. Two or more gear-tooth 36a 
prepared in the end face of the 1st detection ring 36 along with a hoop direction, Opposite area with two 
or more gear-tooth 37a prepared in the end face of the 2nd detection ring 37 along with a hoop direction 
Since it changes according to the elastic relative rotation according to the steering torque of 2nd shaft 3b 
and 3rd shaft 3c and the magnetic reluctance to the generating magnetic flux of a sensing coil 33 
changes corresponding to the change, based on the output of the sensing coil 33, steering torque is 
detectable. This torque sensor 7 can use the thing of well-known composition. The aforementioned 
motor 8 drives according to the signal corresponding to the detected steering torque, and the steering 
auxiliary force is given to a steering shaft 3 through the aforementioned worm 9 and a worm gear 10. 
[0014] According to the above-mentioned composition, since tooth part lOmade of synthetic resin a is 
formed by processing tooth part material lOmade of synthetic resin a' which carried out water absorption 
beforehand, it can suppress the dimensional change by the water absorption in the air after the 
processing. Thereby, the turning effort for steering assistance can be smoothly transmitted through the 
tooth part 10a. Moreover, since the sleeve 10b is covered by the Chemicals coat 11, rusting at the time 
of the water absorption by gas conditioning processing of the tooth part material lOmade of synthetic 
resin a' is prevented. Moreover, since the surface roughness of the sleeve 10b becomes coarse by 



http://www4ipdlopo.go.jp/cgi-bin/tran_web_cgi_eije 



4/11/03 



Page 3 of 3 



formation of the Chemicals coat 1 1, the adhesion of sleeve 10b and tooth part lOmade of synthetic resin 
a can be improved. Therefore, the percent defective of a worm gear 10 is reduced, the yield is improved 
and cost can be reduced. 

[0015] In addition, this invention is not limited to each above-mentioned operation gestalt. For example, 
although this invention was applied to rack-and-pinion-type electric power-steering equipment with the 
above-mentioned operation gestalt, especially the form of electric power-steering equipment is not 
limited, for example, can be applied also to ball-screw formula electric power-steering equipment. 
Moreover, the reduction gear inserted in a steering shaft may not be limited to a worm gear, for 
example, may be a bevel gear. 
[0016] 

[Effect of the Invention] According to this invention, the electric power-steering equipment which has 
the reduction gear of the low cost which can transmit smoothly the turning effort for steering auxiliary 
force generating can be offered. 



[Translation done.] 
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(54) MOTOR-DRIVEN POWER STEERING SYSTEM 



(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a motor-driven power steering 
system having a low-cost reduction gear that can smoothly transmit 
torque for generating steering assist force. 

SOLUTION: Steering assist torque generated by a motor-driven 
actuator is transmitted to a steering shaft through a reduction gear 10. 
The gear 10 is constituted by integrating a synthetic resin tooth part 
10a on the outer peripheral side and a metal sleeve 10b on the inner 
peripheral side. The tooth part 10a is formed by machining synthetic 
resin tooth part material 10a' integrated with the sleeve 10b. The sleeve 
10b is covered with a chemical conversion coat 11. Humidity 
conditioning treatment is applied to the synthetic resin tooth part 
material 10a' so as to absorb moisture in the state of being integrated 
with the sleeve 10b covered with the coat 11. 
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